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(54) Calibrated delay locked loop for DDR SDRAM applications 

(57) A calibrated Delay Locked Loop (DLL) arrange- 
ment synchronizes an output data signal thereof to an 
input clock signal. A delay line receives the input clock 
signal and generates a dock output signal having a 
selective delay. A gating circuit receives the clock output 
signal and separately generates an imitation data signal 
that corresponds to the clock output signal, and latches 
an input data signal with the output clock signal to gen- 
erate an output data signal. The gating circuit is also 
responsive to a switching control signal having a first 
logical value for providing only the output data signal to 
an output thereof, and to the switching control signal 
having a second logical value for providing only the imi- 
tation data signal to an output thereof. A driver receives 
the gating circuit output signal and provides this signal 
as the calibrated DLL arrangement output data signal. A 
phase comparator In a feedback loop from the output of 
the driver is responsive to the switching control signal 
having the second logical value for comparing the input 
clock signal and the imitation data signal appearing at 
the driver output, and for causing the delay line to selec- 
tively synchronize the imitation data signal to the input 
dock signal. A switching control signal having the first 
logical value idles the phase comparator and maintains 
a latest delay introduced by the delay line. 
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Description 

Field of the invention 

[0001] The present Invention relates to a locking 
scheme for a calibrated Delay Locked Loop (DLL) 
arrangement for use In Double Data Rate (DDR) Syn- 
chronous Dynamic Random Access Memory (SDRAM) 
applications. 

Background of the invention 

[0002] A Delay Locked Loop (DLL) operates to com- 
pare a periodic input signal, such as a clock input, with 
a dock output signal, and sets a delay line between the 
input and output signals in a way that the phase differ- 
ences between these two signals becomes zero. 
[0003] U.S. Patent No 4,795,985 (Gailbreath. Jr.), 
issued on January 3, 1989. discloses a digital phase 
locked loop comprising a crystal oscillator, a program- 
mable delay tine, a phase detector, and a loop control 
state machine. The crystal oscillator generates a refer- 
ence clock signal at a predetermined frequency and 
provides It as an Input to the programmable delay line. 
The delay line provides up to X nanoseconds of delay 
corresponding to one complete period of trie reference 
clock m discrete steps of Y nanoseconds. The output of 
the delay line is compared to digitized data transitions in 
the phase detector, and if the reference clock leads or 
lags the data transitions, the state machine provides 
control signals to program the delay line In a direction 
that minimizes the phase error between the data transi- 
tions and the reference clock signal output by the delay 
line. 

[0004] Referring now to FIG. 1, there is shown two 
possible versions of an exemplary prior art Delay 
Locked Loop (DLL) arrangement 10 (shown within a 
dashed line rectangle) for synchronizing an input clock 
signal to an output clock signal. A first version of the 
DLL arrangement 10 comprises a first receiver 20, a 
programmable delay Hne 22, a driver 24. a first optional 
feedback path 25 (shown by a dashed line) with a delay 
element 26 (shown as a dashed line block) providing a 
delay of [R+D] coupled therein, and a phase comparator 
28. The first receiver 20 receives the input dock signal 
and generates a corresponding clock output signal with 
an inherent delay of [R] introduced by the internal cir- 
cuitry of the first receive* 20. The output signal from the 
first receiver 20 is provided as an input to the delay line 
22 and to a first Input of the phase comparator 28, The 
delay line 22 is programmable and introduces a selec- 
tive delay into the dock signal from the first receiver 20 
dependent on a control signal from the phase compara- 
tor 28. The delay line 22 provides a dock output signal 
with a delay of [T-D], where T Is the period, or a multiple 
of the period, of the output clock signal from the DLL 
arrangement 10, and D is the anticipated delay to be 
introduced by the circuitry of the driver 24. The Driver 24 



receives the output signal from the delay line 22 and, 
after introducing its inherent internal delay [D], provides 
a dock output signal from Hie DLL arrangement 10 
which has a delay of [TJ which corresponds to a multiple 

s of the period of the output clock when correct compen- 
sation is provided by the DLL arrangement 10. When 
the output dock signal has the delay [T], then it is in 
phase with Ihe input clock signal. The first optional feed- 
back path 25 couples the output from the delay line 22 

ro to an Input of Ihe delay element 26 which provides a 
delay of R+D to generate an output 6ignal with a delay 
of T+R that is provided to a second Input of the phase 
comparator 28. The phase comparator 28 compares the 
phase of the output signals from the first receiver 20 and 

is the delay element 26, and generates an output control 
signal corresponding to the results of the comparison to 
the delay line 22. The control signal from the phase 
comparator 28 causes the delay line 22 to selectively 
make adjustments to the delay therein as indicated by 

20 the control signal . A disadvantage of the first version of 
the arrangement 10 is that the loading of the driver 24 
and its associated delay cannot be taken into account 
for different loading conditions. For example, Ihe 
number of Dual Inline Memory Modules (DIMMs) on a 

2s board can vary considerably to provide different loading 
conditions on the driver 24. 

[0005] Theoretically, this disadvantage can be over- 
come by a second version of the DLL arrangement 10 
In this second version, the first receiver 20, the pro- 

so grammable delay line 22, the driver 24, and the phase 
comparator 28 of the first version remain, but a second 
optional feedback path 30 (shown by a dashed line) 
replaces the feedback path 25 of the first version of the 
DLL arrangement 10. The second optional feedback 

35 path 30 feeds back the dock signal present at the output 
of the driver 24 via a second receiver 32 (shown by a 
dashed line block) to the second input of the phase 
comparator 28. The second receiver 32 effectively has 
the same internal delay [R] as the first receiver 20. 

40 [0006] Referring now to FIG. 2, there is 6hown typical 
voltage waveforms for a clock signal 35 and a DD R data 
(DQ) signal 36 versus time. A DLL arrangement 10 pro- 
duces a negative delay dock output according to the 
principle described above to get the re6utt shown by the 

45 clock signal 35. The DQ signal 36 is represented in FIG. 
2 by both positive and negative DDR pulses during each 
high and tow clock putee because it is not known 
whether the DDR data is high or low during each high 
and low dock pulse. Therefore, for a Double Data Rale 

so (DDR) transmission, one bit of DDR data Is generated 
during the high dock pulse and one bit of DDR data is 
generated during the low dock pulse of the dock period 
37. Since DQ data (not shown in FIG. 1) arrives at an 
output of the DDL 10 in a random way, the output signal 

55 of the second version of tJie DDL arrangement 10 (with 
the second optional feedback path 30) cannot be used. 
Instead, an arrangement according to the principles of 
the first version of the DDL arrangement 10 (with 1he 
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first optional feedback path 25) has to be used, "me 
drawback of such method is that the loading of the 
Driver 24 is not taken Into account Since the number of 
Dual Inline Memory Modules (DIMM6) on a board can 
vary considerably, the resulting load variations on a data 
(DQ) line can be very important since the prospective 
DDR liming, allows for a CLOCK/DQ skew of only ±1 
nanosecond at 1 00 Megahertz. There are many contrib- 
utors that produce this skew, and the offset introduced 
by the load variations makes the functionality of the 
DDR scheme with DLL questionable. 
[0007] It is desirable to provide an arrangement which 
permits DDR data to be outputted in synchronization 
with a predetermined clock signal it DDR SDRAM appli- 
cations without concern about output loading. 

Summary of the Invention 

[0008] The present invention is directed to a locking 
scheme for a calibrated Delay Locked Loop (DLL) 
arrangement for use in. for example. Double Data Rate 
(DDR) Synchronous Dynamic Random Access Memory 
(SDRAM) applications. 

[0009] Viewed from one aspect, the present invention 
is directed to a calforated Delay Locked Loop (DLL) 
comprising a DLL locking arrangement, and a gating cir- 
cuit. The DLL locking arrangement comprises a selec- 
tively adjustable delay line which is responsive to a 
received input clock signal for generating an output 
clock signal that is in phase with the input dock signal, 
and a driver tor providing an output data signal from the 
calibrated Delay Locked Loop. The gating circuit is cou- 
pled between the selectively adjustable delay line and 
the driver. The gating circuit is responsive to the 
received output clock signal from the selectively adjust- 
able delay line for separately (a) generating an imitation 
data signal which is in phase with said received output 
clock signal, and (b) latching a received input data sig- 
nal to generate a data output signal that is in phase with 
said received output clock signal. The gating circuit is 
further responsive to a switching control signal having a 
first logical value for coupling only the generated data 
oulpLit signal to an input of the driver, and to the switch- 
ing control signal having a second logical value for only 
coupling the generated imitation data signal to the input 
of the driver. The DLL locking arrangement Is respon- 
sive to the switching control signal having the second 
logical value for synchronizing the generated imitation 
data signal appearing at the driver output to the clock 
input signal to generate the output dock signal from the 
delay line. The DLL locking arrangement is further 
responsive to the switching control signal having the 
first logical value to disable any synchronization of the 
generated data output signal at the driver output to the 
clock input signal and to maintain a latest output clock 
signal produced during the period when the switching 
control signal having the second logical value was 
applied. 



[001 0] Viewed from another aspect, the present inven- 
tion is directed to a calibrated Delay Locked Loop (DLL) 
arrangement comprising a delay line, a driver, a gating 
circuit, and a phase comparator. The delay line respon- 

e shre to a clock input signal for generating an output dock 
signal having a selective delay. The gating circuit is cou- 
pled between the selectively adjustable delay line and 
the driver. The gating circuit Is responsive to the 
received output clock signal from the selectively adjust- 

10 able delay fine for separately (a) generating an Imitation 
data signal which is in phase with said received output 
dock signal, and (b) latching a received Input data sig- 
nal to generate a data output signal that is in phase with 
said received output clock signal. The gating circuit is 

75 further responsive to a switching control signal having a 
first logical value for coupling only the generated data 
output signal to an output thereof. The gating circuit is 
also responsive to the switching control signal having a 
second logical value for only coupling the generated imi- 

20 tation data signal to the output thereof. The driver is 
responsive the output signal from the gating circuit for 
generating an output of the calibrated DLL arrange- 
ment. The phase comparator is responsive to the 
switching control signal having the second logical value 

zs for comparing the clock input signal with the generated 
imitation data signal appearing at the driver output and 
for generating a control signal representative of the 
compari son to the delay line for causing the output clock 
signal therefrom to be selectively placed in phase with 

so the input dock signal. The phase comparator is also 
responsive to the switching control signal having the 
first logical value to disable any comparison of the clock 
input signal with the generated data output 6ignal at the 
driver output and maintain a latest delay Introduced by 

35 the delay line during the period when the switching con - 
trol signal having the second logical value was applied 
to the phase comparator. 

[0011] Viewed from still another aspect, the present 
invention is directed to a calibrated Delay Locked Loop 

40 arrangement comprising a receiver, a delay line, a gat- 
ing drcuit, a driver, and a feedback loop. The receiver 
receives a clock input signal and generates a clock out- 
put signal corresponding to the dock Input signal. The 
delay line is responsive to the dock output signal from 

46 the receiver for generating an output clock signal having 
a selective delay therein. The gating drcuit is coupled 
between the selectively adjustable delay line and the 
driver. The gating drcuit is responsive to the received 
output clock signal from the selectively adjustable delay 

so Ine for separately (a) generating an Imitation data signal 
which is in phase with said received output clock signal, 
and (b) latching a received input data signal to generate 
a data output signal thai is in phase with said received 
output clock signal. The gating drcuit is further respon- 

ss sive to a switching control signal having a first logical 
value for coupling only the generated data output signal 
to an output thereof. The gating drcuit Is also respon- 
sive to the switching control signal having a second tog- 
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ical value tor only coupling the generated imitation data 
signal to the output thereof. The driver provides the out- 
put signal from the gating circuit as an output of the 
driver to form to output signal from the calibrated Delay 
Locked Loop arrang merit The feedback loop Is cou- 
pled to the output of the driver and comprises a phase 
comparator which is responsive to the switching control 
signal having the second logical value for comparing the 
dock input signal wrth the driver output signal and gen- 
erating a control signal to the delay Bne for selectively 
introducing a corresponding delay into the output clock 
signal from the delay line. The phase comparator is also 
responsive to the switching control signal having the 
first logical value to prevent the comparison of the clock 
input signal with the driver output signal and maintain a 
latest delay introduced by the delay line. 
[001 2] The Invention will be better understood from 
the following more detailed description taken with the 
accompanying drawings and claims. 

Brief Description of the Drawing 

[0013] 

FIG. 1 is a block diagram showing a prior art Delay 
Locked Loop (DLL) arrangement with a first and 
second alternative feedback loop arrangement; 
FIG. 2 shows typical voltage waveforms for a dock 
signal and a DDR data (DQ) signal versus time; and 
FIG. 3 is a block diagram of a calibrated Delay 
Locked Loop (DLL) arrangement in accordance 
with the present invention. 



[0014] Referring now to FIG. 3, there is shown a block 
diagram of a calibrated Delay Locked Loop (DLL) 
arrangement 40 (shown within a dashed line rectangle) 
in accordance with the present invention. The calibrated 
DLL arrangement 40 can also be called a calibrated 
DLL 40. The calibrated DLL arrangement 40 comprises 
a DLL locking arrangement 42 (shown within a dashed 
line area) and a gating circuit 60 (shown within a dashed 
line rectangle). The DLL locking arrangement 42 com- 
prises a first receiver SO. a delay line 52, a driver 54, and 
a feedback path 55 comprising a second receiver 56, 
and a phase comparator 58 serially coupled back to the 
delay line 52. The gating circuit 60 comprises a first llip- 
flop 62, an inverter 63, a second flip-flop 64. and a 
swttching device 66. 

[00161 In the DLL locking arrangement 42, the first 
receiver 50 receives a dock input signal at a predeter- 
mined frequency, and generates therefrom a dock out- 
put signal that includes a very slight inherent delay 
caused by the interna! drcuftry of the first receiver 50. 
For Double Data Rate (DDR) Synchronous Dynamic 
Random Access Memory (SDRAM) applications, the 
input dock signal can have a frequency of, for example, 



100 Megahertz. The dock output 6ignal from the first 
receiver 50 is coupled to both a first input of the delay 
line 52 and to a first input of th phas comparator 58. 
Thedday line 52 is responsive to Ihe clock output 6ignal 

5 from the first receiver 50 and to a control signal from the 
phase comparator 58 received at a second input of the 
delay Nne 52. The delay line 52 generates an output 
clock signal with a selective predetermined delay 
therein so that the dock input signal to the delay Rne 52 

10 and the clock output signal from the delay line 52 are In 
phase. The output dock 6ignal from the delay line 52 is 
coupled to the gating circuit 60 as will be described In 
greater detail hereinafter. The gating drcuit 60 also 
receives a data signal (DQ), and a Calibrate (CAL) con- 

1$ trd signal which functions as a switching control signal 
for Ihe gating circuit 60. The CAL control signal func- 
tions as a switching control signal for the gating drcuit 
60, is also used for setting predetermined conditions on 
a chip, and is supplied from a controPer (not shown) that 

20 is used to control, tor example, a synchronous memory 
on a Synchronous Dynamic Random Access Memory 
(SDRAM). The gating circuit 60 generates an output 
signal that is coupled to an input of the driver 54. The 
driver 54 generates an output signal that is both used as 

6 the DQ output (DQ OUT) signal from the calibrated DDL 
arrangement 40, and fed back via the feedback loop 55 
to the second receiver 56. The second receiver 56 
imparts an inherent delay into the fed back DQ output 
signal which is then provided as a second Input to the 

30 phase comparator 58. The phase comparator 56 also 
receives the CAL control signal at a third input thereof, 
and compares the Input dock signal from the first 
receiver 50 with the received DQ output signal from the 
second receiver 56 only when the CAL control signal 
ss comprises a first logical value (e.g.. a logical 1). When 
the CAL control signal comprises a second logical value 
(e.g., a logical 0), the phase comparator 58 is idled and 
does not perform comparisons of the two input signal, 
and the delay Ine 52 maintains the delay introduced just 
40 prior to the CAL control signal changing from the first 
logical value to the second logical value. 
[001 6] In the gating drcuit 60, the outout signal from 
the delay line 52 is coupled to control terminals 61 and 
65 of the first and second flip-flops 62 and 64, respec- 
ts tfvely. The first and second flip-flops 62 and 64 are trig- 
gered by both edges of the clock Input, A "Q" output 
terminal of the first flip-flop 62 is serially coupled 
through ihe Inverter 63 lo a "D" Input of the first fip-f top 
62. The "Q" output terminal of the first f ip-f lop 62 is also 
so coupled to a first Input terminal 67 of the switching 
device 66. The data signal (DQ) te coupled to a "D" input 
of the second flip-flop 64, and a "Q" output thereof is 
coupled to a second input terminal 68 of the switching 
device 66. An output terminal 69 of the switching device 
ss 66 is coupled to the input of the driver 54. The CAL con- 
trol 6ignal functions to move an armature 70 of the 
switching device 66 to couple either the first or second 
Input terminals 67 or 68 to the output terminal 69. 
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[0017] The gating circuit 60 operates in the following 
manner. The application of the dock signal from the 
delay line 52 to the control terminal of the first flip-flop 

62 causes the first flip-flop 62 to generate a separate 
output dock signal corresponding to an imitation data 
6ignal of alternate Ts" and "0's" at the "Q" output 
thereof. More particularly, prior to initialization, the Q 
output of the first flip-flop provides a logical "0" to the 
inverter 63, which in turn provides a logical "1" to the "D" 
Input of the first flip-flop 62. During a first half of a clock 
period 37 (shown in FIG. 2) when, for example, the lead- 
ing edge of the input clock pulse goes positive, the first 
flip-flop 62 is placed in a steady first state, and the pre- 
determined fixed voltage equal to a logical "1" that is 
currently provided at the "D" input of the first flip-flop 62 
is outputted at the "Q" output to the first input 67 of the 
switching device 66 and to the Inverter 63. The inverter 

63 converts this logical "1" output signal from the first 
flip-flop 62 into a logical "0". During the second half of 
the clock period 37 when, for example, the trailing edge 
of the clock pulse goes to zero or a negative fixed volt- 
age, the first flip-flop 62 is placed in a steady second 
state and outputs the predetermined fixed voltage equal 
to a logical "0" currently provided at the "D" input of the 
first flip-flop 62 to the first input 67 of the switching 
device 66 and to the inverter 63. This sequence is 
repeated for each subsequent clock cycle 37 shown in 
FIG. 2. Therefore, the first flip-flop 62 generates an out- 
put imitation data signal (e.g., 1-0-1 -0-1 -0 etc.} which 
has a periodicity corresponding to the output clock sig- 
nal from the delay line 52. This output imitation data sig- 
nal Is coupled to the first input terminal 67 of the 
switching device 66. 

[0018] In a similar manner, the second flip-flop 64 
uses the output clock signal from the delay line 52 to 
gate the currently provided DQ signal values received at 
the "D" input of the second flip-flop 64 to its "Q" output 
with a periodicity corresponding to the output clock sig- 
nal from the delay line 52. The DQ output signal from 
the second flip-flop 64 is coupled to the second input 68 
of the switching device 66. 

[0019] Under normal conditions, the CAL control sig- 
nal applies, for example, a logical "0' to the switching 
device 66 and causes the armature 70 to couple the 
second input terminal 68 to the output terminal 69 so 
that the DQ signal at the second input terminal 68 of the 
switching device 66 is coupled to the output terminal 69 
and to the input of the driver 54 (shown in FIG. S). If the 
CAL control signal i6 changed to, for example, a logical 
"1", then the armature Is moved to couple the first Input 
terminal 67 to the output terminal 69 so that the gener- 
ated imitation data output signal from the first flip-flop 62 
is applied to the output terminal 69 and to the input of 
the driver 54. 

[0020] In the calibrated DLL arrangement 40, it is 
desired that the DQ output signal from the driver 54 be 
in phase with the clock Input signal to the caPbrated DLL 
arrangement 40. This is accomplished by the output 



dock signal from the delay fine 52 being used to gener- 
ate an imitation data output signal from the first flip-flop 
62 of the gating circuit 60, and a DQ output signal fr m 
the second flip-flop 64 of the gating circuit 66. Both of 

s these output signals are In phase with the output signal 
from the delay line 52. The driver 54 receives either the 
DQ output signal (from the second flip-flop 64) or the 
generated imitation data output signal (from the first flip- 
flop 62) from the gating circuit 60 depending on the log- 

10 ical value of the CAL control signal to the switching 
device 66. Both of the DQ output signal and the imita- 
tion data output signal from the gating circuit 66 have a 
periodicity corresponding to the output dock signal from 
the delay line 52. 

is [0021] When the CAL control signal has a second log- 
ical value (e.g.. a logical "0") it places the DLL arrange- 
ment 40 in the normal condition, in the normal 
condition, the DQ output signal (from the second flip- 
flop 64) from the gating drcuft 60 is provided as the 

X input lo the driver 54. Concurrently, this same CAL con- 
trol signal disables the functioning of the phase compa- 
rator 58 and effectively places the DLL arrangement 40 
in an idle state, in the idle state, the value of the delay 
ine 52 Is maintained at the same value that the delay 

2s fine 52 had just prior to the DLL arrangement 40 being 
placed in the Idle state, and the DQ signal from the sec- 
ond flip-flop 64 of the gating circuit 60 is provided as the 
output of the DLL arrangement 40. 
[0022] When the CAL control signal has a first logical 

so value (e.g., a logical "1"), the calibrated DLL arrange- 
ment 40 works as a delay locked loop. More particularly; 
the generated imitation data output signal from the gat- 
ing drcult 60 Is provided as the Input to the driver 54, 
and the driver 54 provides the imitation data signal to 

35 the output of the DLL arrangement 40. Concurrently the 
CAL control signal enables the functioning of the phase 
comparator 58. Under these conditions, the calibrated 
DLL arrangement 40 is active to synchronize the output 
imitation data signal that is fed back to the phase com- 

*> parator 58 via feedback path 55 to the input dock signal 
of the caltxated DLL arrangement 40. Any difference in 
phase between the imitation data signal and input dock 
signal causes the phase comparator 58 to generate a 
control signal to the delay line 52 to selectively alter the 

46 phase of Its output dock signal. Since the output clock 
signal from the delay line 52 Is used by the first flip-flop 
62 of the gating circuit 60 to generate the imitation data 
signal, any change of phase In the output dock signal 
from the delay line 52 will make a corresponding change 

so In phase of the Imitation data signal. Any resulting 
changes in the phase of the imitation data signal is 
again noted by Die phase comparator 58 which keeps 
changing the phase of the output clock signal of the 
delay fine 52 until the imitation data output signal is in 

55 phase with the Input dock signal to the DLL arrange- 
ment 40. It is to be understood that the Data (DQ) signal 
cannot be used for comparison with the input dock sig- 
nal to the DLL arrangement 40 during the calibration 
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phase, because the DQ 6ignal has an arbitrary logical 
sequence of W and "1's" which will not match the 
fixed sequence of "O's" and "1's" of the Input clock 
sequence. Therefore, the separate imitation data signal 
has to be generated by the gating circuit 60 In order to s 
have a signal which appears as a clock 6ignal (1-0-1-0- 
1-0) that can be used to compensate for any loads of 
the DLL arrangement 40. 

[0023] From the above description, during the calibra- 
tion condition, the calibrated DLL arrangement 40 w 
ensures that the output clock signal from tie delay line 
52 has a predetermined delay to the gating circuit 60 for 
latching a data signal (DQ) to the output of the DLL 
arrangement 40 using the second flip-flop 84. By latch- 
ing the DQ data signal to the output of the DLL arrange- is 
merit 40 with the output clock 6ignal from the delay line 
52. a sample of the DQ signal provided at the output of 
the DLL arrangement 40 is '« phase with a rising edge 
of the output clock signal from the delay line 52. In other 
word6, ttie output data signal from ttie DLL arrangement 20 
40 Is not dependent on the arrival rate of the DQ signal, 
but Is triggered by the input clock signal to the DLL 
arrangement 40 so that both the DQ output signal and 
the output clock signal from the delay line 52 are in 
phase. 25 
[0024] The calibrated DLL arrangement 40 has a first 
advantage in that a power savings over standby power 
consumption of conventional DLLs is achieved because 
most of the circuitry within the DLL 42, such as the delay 
line 52 can be switched off in standby conditions once 30 
the calibration has been performed. A second, advan- 
tage is that a problem of tracking the receiver plus driver 
delays found In conventional DLLs is overcome with the 
present calibrated DLL arrangement 40. 
[0025] It is to be appreciated and understood that the 35 
specific embodiments of the present invention 
described hereinabove are merely llustrative of the 
general principles of the invention, various modifica- 
tions may be made by those skilled in the art which are 
consistent with the principles set forth. 40 

Claims 

1 . A calibrated Delay Locked Loop (DLL) comprising: 

45 

a DLL locking arrangement comprising a selec- 
tively adjustable delay line which is responsive 
to a received Input clock signal for generating 
an output clock signal that is in phase with the 
input clock signal, and a driver (or providing an 50 
output data signal from the calibrated Delay 
Locked Loop; and 

a gating circuit coupled between the selectively 
adjustable delay line and the driver and being 
responsive to the received output clock signal 55 
from the selectively adjustable delay line for 
separately (a) generating an imitation data sig- 
nal which is in phase with said received output 



dock signal, and (b) latching a received input 
data signal to generate a data output signal 
that Is in phase with said received output dock 
signal, the gating circuit being further respon- 
sive to a switching control signal having a first 
logical value for coupling only the generated 
data output signal to an input of the driver, and 
to the switching control signal having a second 
logical value for only coupling the generated 
imitation data signal to the Input of the driver; 
and 

wherein the DLL locking arrangement Is 
responsive to the switching control signal hav- 
ing the second logical value for synchronizing 
the generated imitation data signal appearing 
at the driver output to the clock input signal to 
generate the output clock signal from the delay 
line, and is responsive to the switching control 
signal having the first logical value to disable 
any synchronization of the generated data out- 
put signal at the driver output to the dock input 
signal and to maintain a latest output dock sig- 
nal produced during the period when the 
switching control signal having the second log- 
ical value was applied. 

2. The calibrated DLL arrangement of claim 1 wherein 
the DLL locking arrangement further comprises: 

a phase comparator responsive to the switch- 
ing control signal having the second logical 
value for comparing the clock input signal with 
the generated imitation data signal appearing 
at the driver output and generating a control 
signal representative of said comparison to the 
delay line for causing the output clock signal 
therefrom and, in turn, the imitation data 6ignal 
to be selectively placed In phase with the input 
clock signal, and being responsive to the 
switching control signal having the first logical 
value signal to disable any comparison of the 
clock input signal with the generated data out- 
put signal at the driver output and to maintain a 
latest delay introduced by the delay line during 
the period when the second switching control 
signal having the second logical value was 
applied to the phase comparator. 

3. The calibrated DLL arrangement of datm 2 wherein 
the gating circuit Is responsive to the output dock 
signal from the delay fine for generating the imita- 
tion data signal having alternating logical zeros and 
ones corresponding to a periodicity of said output 
dock signal. 

4. The calibrated DLL arrangement of claim 3 wherein 
the gating circuit comprises: 
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an imitation data 6ignal generating arrange- 
ment that is responsive to the output dock sig- 
nal generated by the delay line for generating 
the imitation data signal that is in phase with 
the output signal from the delay line; e 
a flip4lop that <6 responsive to the output clock 
signal generated by the delay line and the Input 
data signal for generating the data output sig- 
nal; and 

a switching device having a first input terminal 10 
for receiving the data output signal from the 
second f Dp-flop, a second input terminal for 
receiving the imitation data signal from the flip- 
flop and an Inverter arrangement, and an out- 
put terminal that is selectively coupled to the is 
first and second input terminals in response to 
the switching control signal having the first and 
second logical values, respectively, and to the 
driver. 

no 

5. The calibrated DLL arrangement of claim 4 wherein 
the imitation data signal generating arrangement 
comprises: 

a flip-flop comprising a control terminal coupled Z5 
to receive the dock output signal from the delay 
line, an input terminal, and output terminal cou- 
pled to the second input terminal of the switch- 
ing device; and 

an inverter coupled between the input and out- so 
put terminals of the flip-flop. 

6. The calibrated DLL arrang ement of claim 1 wherein 
that gating circuit is responsive to the output clock 
signal for generating the imitation data signal hav- ss 
ing alternating logical zeros and ones correspond- 
ing to a periodicity of said output clock signal. 

7. The calibrated DLL arrangement ot claim 1 wherein 
the gating circuit comprises: 40 

a imitation data signal generating arrangement 
that is responsive to the output clock signal 
generated by the delay line for generating the 
imitation data signal from the output signal from *s 
the delay line; 

a 6econd flip-flop that is responsive to the out- 
put clock signal generated by the delay line and 
the input data 6ignal for generating the data 
output signal; and so 
a switching device having a first input terminal 
for receiving the data output signal from the 
second flp-flcp. a second input terminal for 
receiving the imitation data signal from the flip- 
flop and an inverter arrangement, and an out- ss 
put terminal that is selectively coupled to tfie 
first and second input terminals in response to 
the switching control signal having the first and 



second logical values, respectively, and to the 
driver. 

8. The calibrated DLL arrangement of claim 7 wherein 
the Imitation data signal generating arrangement 
comprises: 

a flip-flop comprising a control terminal coupled 
to receive the clock output signal from the delay 
line, an Input terminal, and output terminal cou- 
pled to the 6econd input terminal of the switch- 
ing device; and 

an inverter coupled between the input and out- 
put terminals of the flip-flop. 

9. The calibrated DLL arrangement of claim 1 wherein 
the DLL is formed on a chip which is mounted on a 
Double Data Rate (DDR) Synchronous Dynamic 
Random Access Memory (SDRAM) board and 
obtains the input clock signal, the data signal, and 
the switching control signal from the DDR SDRAM 
board. 

10. A calibrated Delay Locked Loop (DLL) arrangement 
comprising: 

a selectively adjustable delay One responsive to 
a clock input signal for generating an output 
clock signal having a selectively adjustable 
delay; 

a gating circuit coupled between the selectively 
adjustable delay line and the driver and being 
responsive to the received output clock signal 
from the selectively adjustable delay line for 
separately (a) generating an imitation data sig- 
nal which is in phase with said received output 
dock 6ignal, and (b) latching a received input 
data signal to generate a data output signal 
that is in phase with said received output clock 
signal, Hie gating circuit being further respon- 
sive to a switching control signal having a first 
logical value for coupling only the generated 
data output signal to an input thereof, and to 
the switching control signal having a second 
logical value for only coupling the generated 
imitation data signal to the output thereof; 
a driver responsive the output signal from the 
gating circuit for generating an output of the 
calibrated DLL arrangement; and 
a phase comparator responsive to the switch- 
ing control signal having the second logical 
value for comparing the clock input 6ignal with 
the generated imitation data signal appearing 
at the driver output and generating a control 
signal representative of the comparison to the 
delay line for causing the output dock signal 
therefrom to be selectively placed in phase with 
the input clock signal, and responsive to the 
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switching control 6ignal having the first logical 
value -to disable any comparison ol the clock 
input signal with the generated data irtput sig- 
nal at the driver output and maintain a latest 
delay introduced by the delay lin during the s 
period when the switching control signal having 
the second logical value was applied to the 
phase comparator. 

11. The calibrated Delay Locked Loop arrangement of jo 
claim 10 wherein -the gating circuit comprises: 

a imitation data signal generating arrangement 
that is responsive to the output clock signal 
generated by the delay line for generating the 75 
imitation data signal from the output signal from 
the delay line; 

a flip-flop that is responsive to the output dock 
signal generated by the delay line and the Input 
data signal for generating the data output s*g- zo 
nal; and 

a switching device having a first input terminal 
for receiving the data output signal from the 
second flip-flop, a second Input terminal for 
receiving the imitation data signal from the f lip- zs 
flop and an Inverter arrangement, and an out- 
put terminal that is selectively coupled to the 
first and second input terminals in response to 
the switching control signal having the first and 
second logical values, respectively, and to the so 
driver. 

12. The calibrated DLL arrangement of claim 11 
wherein the imitation data signal generating 
arrangement comprises: 35 

a flip-flop comprising a control terminal coupled 
to receive the dock output signal from the delay 
line, an input terminal, and output terminal cou- 
pled to the second input terminal of the switch- <o 
ing device; and 

an inverter coupled between the input and out- 
put terminals of the flip-flop. 

13. The calibrated Delay Locked Loop arrangement of <s 
claim 10 wherein the calibrated Delay Locked Loop 
arrangement is formed on a chip which is mounted 

on a Double Data Rata (DDR) Synchronous 
Dynamic Random Access Memory (SDRAM) board 
and obtains the input clock signal, the data signal, so 
and the switching control signal from the DDR 
SDRAM board. 

14. A calibrated Delay Locked Loop arrangement com- 
prising: 55 

a receiver for receiving a clock Input signal and 
for generating a dock output signal corre- 



sponding to the dock input signal; 
a selectively adjustable delay line responsive to 
the dock output 6ignal from the receiver for 
generating an output clock signal having a 
selectively adjustable delay therein; 
a gating circuit coupled between the selectively 
adjustable delay line and the driver and being 
responsive to the received output dock 6ignal 
from the selectively adjustable delay line for 
separately (a) generating an imitation data sig- 
nal which is in phase with said received output 
clock signal, and (b) latching a received input 
data signal to generate a data output signal 
that is in phase with said received output clock 
6ignal, the gating drcuit being further respon- 
sive to a switching control signal having a first 
logical value for coupling only the generated 
data output signal to an output thereof, and to 
the switching control signal having a second 
logical value tor only coupling the generated 
imitation data signal to the output thereof; 
a driver for providing the output signal from the 
gating circuit as an output signal from the cali- 
brated Delay Locked Loop arrangement; and 
a feedback loop coupled to ttie output of the 
driver comprising a phase comparator which Is 
responsive to the switching control signal hav- 
ing the second logical value for comparing the 
clock Input signal with the driver output signal 
and generating a control signal to the delay line 
for selectively Introducing a corresponding 
delay into the output dock signal from the delay 
line, and being responsive to the switching con- 
trol signal having the first logical value to pre- 
vent the comparison of the dock input signal 
with the driver output signal and maintain a lat- 
est delay introduced by the delay line. 

15. The calibrated Delay Locked Loop arrangement of 
daim 14 wherein the gating drcuit comprises: 

a imitation data signal generating arrangement 
that is responsive to the output clock signal 
generated by the delay line for generating the 
imitation data signal from the output signal from 
the delay Ine; 

a flip-flop that is responsive to the output dock 
signal generated by the delay Bne and the Input 
data signal for generating the data output sig- 
nal; and 

a switching device having a first input terminal 
for receiving the data output signal from the 
second flip-flop, a second input terminal for 
receiving the imitation data signal from the f Bp- 
flop and an inverter arrangement, and an out- 
put terminal that is selectively coupled to the 
first and second input terminals in response to 
the switching control signal having the first and 
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second logical values, respectively, and to the 
driver. 

16- The calibrated DLL arrangement of claim 15 
wherein the Imitation data signal generating s 
arrangement comprises: 

aflip-tlop comprising a control terminal coupled 
to receive the clock output signal from the delay 
fine, an input terminal, and output terminal oou- 10 
pled to the 6©cond input terminal of the switch- 
ing device; and 

an inverter coupled between the input and out- 
put terminals of the flip-flop. 

re 

17. The calibrated Delay Locked Loop arrangement of 
claim 14 wherein the calibrated Delay Looted Loop 
arrangement is formed on a chip which is mounted 
on a Double Data Rate (DDR) Synchronous 
Dynamic Random Access Memory (SD RAM) board so 
and obtains the clock input signal, the data signal, 
and the switching control signal from the DDR 
SDRAM board. 
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